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SYNOPSIS: The 1991 Telire-Lim6n Earthquake of magnitude 7.5 caused significant damage in Costa Rica and Panama. Soil
liquefaction occurred widely in the low lying area in eastern Costa Rica, which caused severe damage to the embankment,
bridges, and houses, etc. The liquefied sites are classified into three categories: 1) inland areas along rivers, 2)
sand bars along beach, and 3) coastal areas along rivers.
In inland area, road embankment of Route 32 was severely
damaged due to liquefaction.
Fissures parallel to the road and lateral spreading are occurred. At the sand bar and
marsh, liquefaction occurred in the areas between the channel and the sand bar, in which the ground moved toward the
channel, causing fissures in the sand bar. At coastal areas along the rivers, three bridges were severely damaged due
to liquefaction.
INTRODUCTION

Figure 1 shows seismic intensity in MM scale in Costa
Rica.
In general, the intensity in the coastal area is
larger than that in the mountain area. The areas, with
intensity IX, are located only in the coastal area.

An earthquake of magnitude 7.5 occurred in Costa Rica on
April 22, 1991. The earthquake caused widespread and
significant damage in the area in the Talamanca Mountain
area and the Caribbean low land and Panama. Huge number
of landslides occurred in mountain area and liquefaction
was induced at many locations in low land area. Totally
53 people were killed, and the damage in Costa Rica is
estimated to be over $500 million in Costa Rica.

Figure 2 shows areas affected by the earthquake in Costa
Rica. Landslides occurred in the areas north from the
epicenter for about 2000 km 2 , among which the ratio of
slid area to the global area is larger than 60% in 75 km 2
, and that is between 15 to 60 % in 375 km 2 • Soil
liquefaction occurred in the Caribbean low lands.

THE TELIRE-LIMON EARTHQUAKE

The maximum distance from the epicenter to the liquefied
site is read off from Figure 2 as 92 km. This data was
plotted in terms of the magnitude of the earthquake in
Figure 3 as a solid circle. Data for other earthquakes
derived by Kuribayashi et al. (1975), Wakamatsu (1991) and

The Telire-Limon Earthquake, with a magnitude 7.5 (Ms),
occurred at 15:57 local time on April 22, 1991. The
epicenter of the earthquake was almost 100 km southeast of
San Jose.
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o Jop.nese data (Kurlbayoslll)
o Japanese detll (Wakamatsu)
• Non-Japanese data(Youd)
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Fig. 4 Grain size distribution curves
LIQUEFACTION IN THE INLAND ALLUVIAL PLAIN

Youd (1977) are also shown in the figure, with the
boundary line derived by Wakamatsu (1991). The data of
this earthquake is within the range of the past
earthquakes, hence the maximum distance to the liquefied
site is not very large in comparison.
The authors investigated mainly the areas along Route 32
which runs from Lim6n to Panama, and the road running to
the north from Limon along the shoreline. Liquefied
sites, damage, and grain sizes of the sand are summarized
in Table 1. Soils were sampled at four sites, the grain
size distribution curves of which are shown in Figure 4,
where Dso denotes mean diameter of soil particle and FC
denotes fine contents in %. The liquefied sites are
classified into 3 categories:
1) Inland areas along the river which are located up to
several km from the Caribbean Sea shore into the
alluvial plain developed by the rivers.
2) Sand bars along the beach and areas from sand bar to
the low lying march at the back of the sand bar.
3) Coastal areas along the rivers.

On the way from San Jose to the Limon City, Rout 32 enters
the Caribbean low land a little before Siquirres. Road
embankment was damaged for about 35 km from Siquirres to
Limon. Photo 1 shows damage of the road embankment, in
which fissures parallel to the road and lateral spreading
are observed. Figure 5 schematically shows the mechanism
of the damage to the road embankment; liquefaction beneath
the embankment caused loss of sustain strength of the
ground. Sand boils are observed near the road.

'

Table 1 Summary of liquefied sites
Location

Damage description

Area along Route 32,
low lying land
between San J~
and Um6n

Slide and lateral spreading of the road embankment in
the low lying area east from the Chirrip6 river

Sand
Fine

sand

111ting of electric steel truss tower at Zcnt
Lateral spreading of river bank at the Cuba river
Lateral spiC8ding of river bank at the Blanco River

Community of
Mat ina

Settlement and tilting of houses, sand boiling, soil
liquefaction, lateral spread at Matina River

Area along the road
running the
Caribbean ...
shoreline from
Um6n to the mouth
of the MaUna River

Fissure and lateral spreading of the road at Cern Plaza

Area along Route 36,
from Um6n to the
Estrella River

Fine
Sand

Photo 1 Fissures and lateral spreading of the
road embankment on Route 32 near Siquirres

Medium
sand

Sinkin& of road at the south of the mouth of the
Matina river

Settlement and fissure

Olanncl like subeidcncc at the inland side from the
road at the south of the mouth of the Malina river
Silty
sand

Seltlemcnt and tilting of houses, sand boils, soil
fraclurca

Medium
sand

F'~~&ure
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Slide and lateral spreading of the embankment
conslnlclcd for oil survey

E b

Slide and lateral spreading

Uquefacti~~ .........-··

Fig. 5 Schematic figure on the damage to road
embankment

at the runway of the alrport at Umon

Lateral spreadlllJ of the river bank at the Banano river
Lateral now of the river bank at the Vizcaya river
Flaure, 111beldcncc, and lateral now toward the inland
side in the road between the Vizcaya and the Estero
Negro rivera
Lateral now of the river bank at the Bananito River

LIQUEFACTION AT THE SAND BAR AND MARSH
Medium
Sand

Port of Moin is located about 5 km west from the Limon
City. An unpaved road runs toward the north from there on
the sand bar besides the Caribbean Sea shore.
Liquefaction occurred at the sand bars and marsh at the
back of the sand bar along the road. Figure 6 shows a

Lateral flow of the river bank at the Estero Negro river
Lateral spreading of the river bank at the Estrella river
(?)
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Settlement
Fissure

LIQUEFACTION AT MOUTHS OF RIVERS FLOWING
CAR,IBBEAN SEA

Road

THE

Since Route 36 runs along the Caribbean sea, it crosses
several middle or small rivers at their river mouths. The
bridges from Limon to the Estrella river suffered
significant damage and four bridges totally collapsed.

Channel or marsh . ..... · .......· . . . . . •/

,.i_~,c:~E~2; ;g:.~-;;~;;~~e~o\~'~
Uquefaction

Fig.6 Schematic figure showing the cross section
and the mechanism of the damage to the road
on the sand bar
cross section and the mechanism of the damage there
schematically. The road is constructed on the sand bar
besides which there is a channel or marsh in the inland
side. Liquefaction occurred in the areas between the
channel and the sand bar, in which the ground moved toward
the channel. causing fissures in the sand bar. The height
of the sand bar is about 2 to 3m from the sea level.
Boiled sand is clean medium sand.

The Rio Vizcaya bridge, a 3-span prestressed concrete Ibeam bridge, collapsed completely (Photos 2). Figure 7
schematically shows damage of the bridge. One internal
support is missing and was supposed to settle down due to
liquefaction. The south abutment rotated 8 degrees and
was pushed towards the center of the river due to lateral
flow of river bank.
The Rio Bananito bridge, a 2-span prestressed concrete Ibeam bridge, also completely collapsed as shown in Photo 3
and Figure 8. The Bananito river flows into the Caribbean
sea after running parallel to the shoreline for about 4
km. Since the bridge crosses the river at the parallel
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Fig. 7 Schematic figure showing the damage to the Vizcaya river
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Fig. 8 Schematic figure showing the damage to the Bananito bridge
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Mean diameter of soil particle and fine content of
the fine sand are assumed to be 0.22 mm and 11 %,
respectively,
based on the sand sampled at the
Bananito river.

The results of the analysis are shown in Figures 7 and 8
for the Vizcaya and Bananito bridges, in which the range
shown as L is the one liquefied under the peak
acceleration of 250 Gals.
The lengths of the piles are
15.5 m at the Rio Vizcaya bridge, about 13 m for abutment
and 16.2 m for center pier at the Rio Bananito bridge, and
12.75 m for abutment and 18m for pier at the Rio Estero
Negro bridge, respectively.
The length of the test pile
is 2 m longer than the ordinary piles.
Liquefaction is supposed to occur down to the depth of the
pile tip for three bridges, the Vizcaya, Bananito and
Estero Negro bridges, under Amax=400 Gals, and more than a
half pile length liquefied even under Amax=250 Gals.
Consequently, the mechanism of the collapse of the bridges
is supposed to be as follows (Figure 9).
The ground at
one river bank or both river banks liquefied down to the
depth of the pile tip or more, and the ground flowed
laterally towards the river center, pushing and/or
sweeping off the abutment and causing the falling down of
the span.
Since the ground liquefied at the pile tip,
settlement of the abutment and pier may occur due to loss
of the sustaining capacity, but it is not supposed to be
the predominant reason of the collapse.

Photo 2 Bridge over the Vizcaya river

Settlement

Tilting...:-:"' .

---

Movement

.4- _ - ·

---~ ~~ _.--~ --~ -- -~f~,- \\0'#1
Liquefaction

tat

Fig. 9 Mechanism of the damage of bridge due to
lateral flow of the r1ver bank
Photo 3 Bridge over the Bananito river

CONCLUDING REMARKS
Liquefaction-induced ground failure and related damage to
structures during the 1991 Telire-Limon earthquake is
described.
Liquefaction occurred in the widespread area.
The road embankment was damaged due to the liquefaction
occurred under the embankment.
The road on the sand bar
was damaged because of the ground spread laterally toward
the marsh or channel in the inland si~e due to
liquefaction.
And, the bridges were damage~ because of
lateral flow in the ground pushed and/or swep\ off the
abutment and girder causing the collapse.

portion, Route 36 bends in S-shape near the bridge; the
road runs on the sand bar in the north and on the marsh in
the south. Lots of fissures parallel to the river were
observed along the river bank, and the approach roadway
slumped. The southern abutment rotated about 15 degrees
due to lateral flow of the ground towards the river
center.
The same kind of ground failure occurred near the bridge
over the Estero Negro river. One span of the 2-span
prestressed concrete !-beam bridge fell down which was
already taken off at the time of the reconnaissance.
The
lateral flow of the ground at the right river bank was
supposed to push the abutment and the remaining span,
which resulted in the falling down of the missing span.

REFERENCES
1) Kuribayashi ,E. and Tatsuoka,F. ( 1975), "Brief review of
soil liquefaction during earthquakes in Japan", Soils
and Foundations, Vol.15, No.4, pp.Sl-92.
2) Youd,Y.L. (1977), "Discussion of "Brief review of soil
liquefaction during earthquakes in Japan", Soils and
Foundations, Vol.17, No.1, pp.83-85.
3) Wakamatsu,K. (1991), "Maps for historic liquefaction
sites in Japan", Tokai University Press, Japan, p.341
(in Japanese)
4)
Yoshida,N.,
Watanabe,H.
and Yasuda,S.
(1992),
"Liquefaction-Induced Ground Failure and Related Damage
to Structures During 1991 Telire-Limon, Costa Rica,
Earthquake", Proc. from the 4th Japan-U.S. Workshop on
Earthquake Resistant Design of Lifeline Facilities and
Countermeasures for Soil Liquefaction, pp.37-52.

ESTIMATED LIQUEFIED LAYERS
The liquefaction potential is computed based on the boring
investigation performed preceding the construction of the
bridges, in the year from 1969 to 1971.
Based on the
Specifications of Highway Bridge by Japanese Road
Association, the resistance factor against liquefaction,
FL , is estimated.
In the estimation, the following
assumptions are employed:
1) Peak accelerations of 250 and 400 Gals
are
investiqated for Amax.
1728
Third International Conference on Case Histories in Geotechnical Engineering
Missouri University of Science and Technology
http://ICCHGE1984-2013.mst.edu

